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(57) ABSTRACT 
A test circuit for a functional circuit includes a scan chain 
coupled to the functional circuit, and a controller coupled to 
the scan chain, for controlling the scan chain to scan a test 
pattern into the scan chain, and Subsequently and repetitively 
for a multiple number of times launch the test pattern to the 
functional circuit, capture test data into the scan chain, and 
restore the test pattern in the scan chain for Subsequent 
launch. 
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TEST CIRCUIT HAVING SCAN WARM-UP 

FIELD 

This disclosure relates generally to test circuits, and more 
specifically to a test circuit having a scan chain. 

BACKGROUND 

Consumers continue to demand complex functional cir 
cuits, with higher performance and lower cost, Such as data 
processors, very large scale integrated circuits (VLSI), sys 
tems on chips (SoCs), central processing units (CPUs), 
advanced processing units (APUs), graphics processing units 
(GPUs), memory Sub-systems, system controllers, and 
peripheral functions. At the same time, testing the operation 
of the functional circuit and determining that the functional 
circuit is operating as desired is increasingly difficult. Robust 
testing technologies have been developed Such as boundary 
Scan, now defined as a standard by the Joint Test Action 
Group (JTAG). Also, Automatic Test Pattern Generation 
(ATPG), which is compatible with many automatic test 
equipment systems, is used to determine if a functional circuit 
is operating according to specification. More advanced “at 
speed ATPG technologies launch test patterns and capture 
the resulting data in a manner that tests a functional circuit at 
Substantially the same speed the functional circuit runs during 
normal operation. 
Howevera problem arises when testing circuits at speed by 

using a test pattern received and launched from an internal 
scan chain. The scan operation involves shifting bits of data 
serially through the scan chain at a relatively low speed. Once 
the test is enabled, however, a relatively large number of logic 
gates Switchat high speed and their outputs are captured in the 
scan chain. This scan-to-test transition can cause a significant 
disruption on the internal power Supply Voltage, and the dis 
ruption can distort the test and cause circuits that operate 
according to specifications to fail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in block diagram form a scan cell known 
in the prior art. 

FIG. 2 illustrates in block diagram form an integrated cir 
cuit including a test circuit according to some embodiments. 

FIG.3 illustrates in block diagram form a first scan cell that 
may be used to implement the scan cells of FIG. 2 according 
to Some embodiments. 

FIG. 4 illustrates a timing diagram useful in understanding 
the operation of the test circuit of FIG. 2 when using a first test 
methodology. 

FIG. 5 illustrates a timing diagram useful in understanding 
the operation of the scan cell of FIG. 3 when using a second 
test methodology. 

FIG. 6 illustrates in block diagram form a second scan cell 
that may be used to implement the scan cells of FIG. 2 and 
associated clock generation circuits according to some 
embodiments. 

FIG. 7 illustrates a timing diagram useful in understanding 
the operation of the scan cell of FIG. 6. 

FIG. 8 illustrates a flow diagram of a method for scanning 
a test pattern into a scan chain according to some embodi 
mentS. 

In the following description, the use of the same reference 
numerals in different drawings indicates similar or identical 
items. Unless otherwise noted, the word “coupled' and its 
associated verb forms include both direct connection and 
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2 
indirect electrical connection by means known in the art, and 
unless otherwise noted any description of direct connection 
implies alternate embodiments using Suitable forms of indi 
rect electrical connection as well. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates in block diagram form a scan cell 100 
known in the prior art. Scan cell 100 generally includes a 
multiplexer 110 and a scan latch 120 which is an edge sensi 
tive Scanlatch. 

Multiplexer 110 has a select input to receive a scan enable 
signal labeled “SE’, an input (“1”) to receive a scan data input 
signal labeled “SDI’, an input (“0”) to receive a data signal 
labeled “D’, and an output. Scanlatch 120 has a clock input 
to receive a clock signal labeled “SCLK', a data input ("D') 
connected to the output of multiplexer 110, and an output 
(“O'”) to provide a serial data output signal labeled “SDO’ 
and which forms a signal input to a functional circuit also 
labeled “Q'. The serial data output signal is used as a signal 
input to the “SDI input of the next scan cell in a scan chain 
arrangement. 

In operation, in a scan shift mode, multiplexer 110 provides 
SDI to the D input of scanlatch 120 in response to a logic high 
on signal SE. Scanlatch 120 latches SDI on a rising edge of 
SCLK to provide SDO. Other latches in the scan chain (not 
shown in FIG. 1) are used to shift a test pattern through the 
scan chain until it is properly aligned. 

In a test mode, during a launch phase, Scan cell 100 
launches the Q output of scan latch 120 after the scan shift 
mode is finished. In a capture phase, multiplexer 110 provides 
captured data D to the D input of scan latch 120 in response to 
a logic low on signal SE. Scanlatch 120 latches the capture 
data on a rising edge of SCLK. 

FIG. 2 illustrates in block diagram form an integrated cir 
cuit 200 including a test circuit 240 according to some 
embodiments. Integrated circuit 200 includes three represen 
tative functional circuits 210, 220, and 230, and test circuit 
240. 

Functional circuits 210, 220, and 230 may have a multiple 
number of inputs (not shown for functional circuit 210) and a 
multiple number of outputs (not shown for functional circuit 
230). 

Test circuit 240 includes a controller 250 and a scan chain 
260. Controller 250 has an output to provide a scan shift 
enable signal labeled “SSE’, an output to provide a shift clock 
signal labeled “SCLK', and an output to provide a control 
signal labeled “WARMUP EN” to scan cells in scan chain 
260. Controller 250 also has a scan data output to provide scan 
data to the first scan cell in Scan chain 260, and a scan data 
input to receive test data from the last scan cell in scan chain 
260. 

Scan chain 260 includes a multiple number of scan cells 
280 forming a chain in which a scan data output of one scan 
cell is connected to a scan data input of the next scan cell in the 
chain. The first scancell 280 of scan chain 260 has a scan data 
input connected to the scan data output of controller 250. 
Each subsequent scan cell 280 of scan chain 260 receives 
serial data input from the previous scan cell 280. The last scan 
cell 280 of scan chain 260 has a scan data output connected to 
the scan data input of controller 250. 

In operation, controller 250 provides an interface for an 
external agent to load a scan pattern into integrated circuit 
200, perform a test using the scan pattern, and determine the 
response of the various functional circuits to the test pattern. 
In this particular example, controller 250 defines a common 
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boundary scan test interface and conforms to the Institute of 
Electrical and Electronic Engineers (“IEEE) standard 
1149.1. Controller 250 first controls scan chain 260 to shift in 
the desired test pattern. During scan shifting, controller 250 
provides the SCLK signal at a relatively low speed, such as 
200 megahertz (MHz). When the test pattern has been shifted 
into the appropriate position in scan chain 260, controller 250 
warms up the functional circuits by repetitively outputting the 
desired test pattern from scan cells 280 to the corresponding 
functional circuits and captures preliminary test data gener 
ated by the test pattern in scan cells 280. Controller 250 then 
restores the original test pattern to the output of Scanlatches 
within scan cells 280. Controller 250 provides SCLK as a 
relatively high-speed clock, Such as 2 gigahertz (GHZ), dur 
ing test mode. The relatively high-speed clock allows the 
functional circuits to react in the same way they would react 
during normal operation, and to load the power Supply in the 
same way. By repetitively performing warmup sequences and 
then restoring the desired test data to the scan latches, test 
circuit 240 causes the power Supply Voltage to settle so that 
the results of the at-speed test will eventually reflect the 
operation of the circuit under normal operating conditions. 
After a desired number of repetitions, corresponding to a 
power Supply Voltage settling time interval during which the 
power Supply Voltage initially deviates from its nominal value 
and Subsequently returns to approximately the nominal value, 
test circuit 240 captures test response data generated by the 
functional circuits into scan chain 260 and shifts the test 
response data out. 

FIG.3 illustrates in block diagram form a first scan cell 300 
that may be used to implement scan cells 280 of FIG. 2 
according to some embodiments. Scan cell 300 generally 
includes a restore latch 310 which is a level sensitive latch, a 
multiplexer 320, and a scan latch 330 which is an edge sen 
sitive latch. 

Restore latch 310 has an active low enable input to receive 
signal WARMUP EN, a D input to receive signal SDI from a 
previous scan latch, and a Q output. Multiplexer 320 has an 
input to receive a scan shift enable input labeled “SSE’, a 1 
input connected to the Q output of restore latch 310, a 0 input 
to receive a data signal D, and an output. Scanlatch 330 has 
a clock input to receive signal SCLK, a D input connected to 
the output of multiplexer320, and a Q output to provide serial 
data output signal SDO to a Subsequent latch and output 
signal Q to a functional circuit. 

Considering both FIGS. 2 and 3, in a scan shift mode, 
controller 250 provides signal WARMUP EN at a logic low 
and signal SSE at a logic high to scan cell 300. Restore latch 
310 operates in a transparent mode during an inactive WAR 
MUP EN (WARMUP ENatalogic low) in which the output 
changes in response to changes in the input. Multiplexer 320 
provides SDI to the D input of scanlatch 330 while signal SSE 
is at a logic high. Scanlatch 330 latches the value of SDI on 
the next low-to-high transition of SCLK. Controller 250 pro 
vides additional transitions of SCLK to move data into suc 
cessive positions until the desired test pattern has moved into 
the desired position in the scan chain. 
When controller 250 has shifted the test pattern into the 

desired position in the scan chain, it provides signal WAR 
MUP ENatalogic high to latch SDI in restore latch 310 and 
enters the test mode. The test mode has three phases: restore, 
launch, and capture. In the restore phase, controller 250 pro 
vides SSE at a logic high at a time sufficient to provide 
adequate setup time at the input of scan latch 330. A low-to 
high transition of SCLK captures the data in scan latch 330 
and outputs the data to the corresponding functional circuit. 
In the capture phase, controller 250 provides signal SSE at a 
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4 
logic low to select the D input of multiplexer 320 at a time 
Sufficient to provide adequate setup time at the input of Scan 
latch 330, and this value is latched into scan latch 330 on the 
next rising edge of SCLK. The launch phase separates the 
restore and capture phases. Controller 250 repeats the restore, 
launch, and capture phases a multiple number of times to 
warm up the functional circuits. By changing the data at the 
output of scan latch 330 with data from the D input (via the 
multiplexor 320 selector SSE=0 path) during the launch 
phase, scan cell 300 ensures that the functional circuits under 
test are Subjected to the same type of signal transitions at the 
same speed as they would encounter during normal operation. 

After the end of the test mode, controller 250 enters a shift 
out mode by providing WARMUP ENatalogic low and SSE 
at a logic high and providing a series of SCLK pulses at a 
relatively low speed to shift the captured test response data 
out of the scan chain for comparison with expected results. 

Note that while scan cell 300 adds an additional level 
sensitive restore latch 310 that requires a few extra transistors 
to implement, restore latch 310 eliminates the need for extra 
hold time buffers between scan cells as is typically needed in 
scan chain 260. Thus in actual embodiments the additional 
circuit area required to implement scan cell 300 will be 
smaller than the size of an extra latch per cell. 

FIG. 4 illustrates a timing diagram 400 useful in under 
standing the operation of test circuit 240 of FIG. 2 used in a 
first test methodology. The horizontal axis represents time in 
nanoseconds (nS), and the vertical axis represents the ampli 
tude of various signals in Volts. Timing diagram 400 illus 
trates three waveforms of interest, an SCLK waveform 410, 
an SSE waveform 420, and a WARMUP EN waveform 430. 
The horizontal axis illustrates several particular time points of 
interest labeled “to through “ts', themselves defining vari 
ous time periods of interest, including the time period pre 
ceding to, the time periods labeled “RESTORE’ from t0 to t1, 
t2 to t3, tA to t5, and té to t7, the time periods labeled “WAR 
MUP” from t1 to t2, t3 to ta, and t5 to té, the time period 
labeled “CAPTURE” from t7 to t8, and the time period fol 
lowing t8. 

In operation, controller 250 performs a launch on capture 
(LOC) test methodology. For the LOC test methodology, test 
circuit 240 launches a test pattern, the functional circuits 
under test provide data to the (D) input signal of multiplexer 
320, and scan latch 330 captures the data on a rising edge of 
CLK (waveform 410) when signal SSE is at a logic low (SSE 
waveform 420). 

Before time to, controller 250 provides SCLK at a rela 
tively low speed, such as 200 MHz, and test circuit 240 
operates in the scan-in mode to shift a test pattern through 
scan chain 260. When controller 250 has shifted the test 
pattern into scan chain 260, it provides signal WARMUP EN 
at a logic high. Between time t0 and t1, controller 250 per 
forms an initial RESTORE cycle and restore latch 310 latches 
the test data. The initial RESTORE cycle is needed for ATPG 
to shift the test pattern into the desired position in the scan 
chain. Controller 250 subsequently provides signal SSE at a 
logic low and after a launch period starting at t1, the scan 
chain captures the test data on the next rising edge of SCLK. 
Time t1 to time t2 defines a WARMUP period covering the 

launch and capture phases, during which controller 250 pro 
vides SSE at a logic high with sufficient setup time before the 
next rising edge of SCLK to set the test data in restore latch 
310 to the D input of scanlatch 330. At the next rising edge of 
SCLK at time t2, scan latch 330 restores the test data before 
another WARMUP period. 
The RESTORE and WARMUP periods described from 

time t0 to time t2 repeat at times t2 to tak, tá to té, and to to t7. 
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From times t7 to t8, controller 250 performs final LAUNCH 
and CAPTURE phases, which includes a launch period start 
ing at tT before capturing the output data at the next rising 
edge of SCLK. To scan the test data out, controller 250 
deactivates WARMUP EN after t8, and scan chain 260 shifts 
the test data to controller 250 again using a relatively low 
frequency clock. 

Signal SSE is a pipelined signal that is at a logic high a 
setup time before a rising edge of SCLK to implement the 
restore phase, and is at a logic low a setup time before Sub 
sequent rising edges of SCLK to implement the launch and 
capture phases. Test circuit 240 uses a tree circuit to generate 
SSE with appropriate timing, that has a trunk and branches to 
account for propagation delays throughout the scan chain. 

FIG. 5 illustrates a timing diagram 500 useful in under 
standing the operation of scan cell 300 of FIG. 3 when using 
a second test methodology. The horizontal axis represents 
time in nanoseconds (nS), and the vertical axis represents 
amplitude of various signals in volts. Timing diagram 500 
illustrates three waveforms of interest, including an SCLK 
waveform 510, an SSE waveform 520, and a WARMUP EN 
waveform 530. The horizontal axis illustrates several particu 
lar time points of interest t0 through t3, themselves defining 
various time periods of interest, including the time period 
preceding to, a time period from tl to t2 labeled “LOS', and 
a RESTORE time period from t2 to t3. 

In operation, controller 250 implements the timing dia 
gram of FIG. 5 to perform a launch on shift (LOS) test 
methodology. For the LOS test methodology, test circuit 240 
launches a test pattern on the last shift cycle of the scan shift 
mode, when signal SSE is active before a low-to-high transi 
tion of SCLK (SSE waveform 520). 

Before time t0, controller 250 provides SCLK at a rela 
tively low clock speed, such as 200 MHz, and integrated 
circuit 200 operates in the scan shift test mode to shift a test 
pattern through scan chain 260. At time t0, controller 250 has 
previously asserted an active SSE and further asserts an active 
WARMUP EN (waveform 530). In response, restore latch 
310 latches the test pattern. Scan latch 330 latches the test 
pattern on the next rising edge of SCLK (waveform 510). 

From time t1 to time t2, during the LOS phase, controller 
250 de-asserts SSE and provides a launch pulse on SCLK to 
launch the test pattern into functional circuitry Such as func 
tional circuit 220. From time t2 to time t3, during a CAP 
TURE phase, controller 250 provides a capture pulse on 
SCLK and scan latch 330 latches the captured data, while 
restore latch 310 continues to store the test pattern. After the 
CAPTURE phase is performed, controller 250 asserts an 
active SSE and an inactive WARMUPEN, and scan chain 
260 shifts the test result to controller 250. 

While scan cell 300 can be used to implement the LOS test 
methodology without warmup, it cannot realize the warmup 
capability at the same time as a LOS methodology. This 
incompatibility is due to the inability to restore the starting 
state from a LOS test pattern. 

FIG. 6 illustrates in block diagram form a second scan cell 
610 that may be used to implement scan cells 280 of FIG. 2 
and associated gated clock signal generators 620 and 630 
according to some embodiments. Scan cell 610 is a level 
sensitive scan design (LSSD) cell, and includes a data latch 
612 which is a level sensitive latch, a scan latch 614 which is 
a level sensitive latch, and an output latch 616 which includes 
two level sensitive input stages that share an output stage. 
Data latch 612 has an active low enable input to receive a 
signal labeled “CLK g”, a D input to receive data signal D, 
and a Q output. Data latch 614 has an enable input to receive 
a scan clock signal labeled “SC1, a D input to receive signal 
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6 
SDI, and a Q output. Stage 1 of output latch 616 has an enable 
input to receive CLK g, and a D1 input connected to the 
output of data latch 612. Stage 2 of output latch 616 has an 
enable input to receive a scan clock labeled “SC2 CLK', and 
a D2 input connected to the output of scan latch 614. Output 
latch 616 also has a Q output to provide a serial data output 
signal SDO and which forms a Q signal input to a functional 
circuit. 

Gated clock signal generator 620 includes a latch 622 
which is a level sensitive latch, and an AND gate 624. Latch 
622 has an active low enable input to receive a high-speed 
clock signal labeled “CLK', a D input to receive a control 
signal labeled “ENABLE g”, and a Q output. AND gate 624 
has an input connected to the Q output of latch 622, an input 
to receive signal CLK, and an output to provide signal 
CLK g. 

Gated clock signal generator 630 includes a latch 632, an 
AND gate 634, and an OR gate 636. Latch 632 has an active 
low enable input to receive signal CLK, a D input to receive a 
scan enable signal labeled “RESTORE EN”, and a Q output. 
AND gate 634 has an input connected to the Q output of latch 
632, an input to receive signal CLK, and an output. OR gate 
636 has an input to receive a scan clock signal labeled “SC2, 
an input connected to the output of AND gate 634, and an 
output to provide signal SC2 CLK. 

In operation, for an LSSD test methodology, data latch 612 
operates withoutputlatch 616 in a normal mode and a capture 
mode, based on logic high and logic low states of signal 
CLK g. Scanlatch 614 operates with output latch 616 in an 
LSSD scan shift mode based on asserted non-overlapping 
SC1 and SC2 CLK edges. 

Controller 250 provides signal CLK at a second clock rate, 
faster than the shift clock rate, and gated clock signal genera 
tor 620 provides a CLK glaunch pulse followed by a CLK g 
capture pulse, when enabled by ENABLE g, as a function of 
CLK. While controller 250 provides RESTORE EN at a 
logic low, gated clock signal generator 630 provides 
SC2 CLK edges to scan cell 610 as a function of the lower 
speed SC2 scan clock signal. While controller 250 provides 
RESTORE EN at a logic high, gated clock signal generator 
630 provides SC2 CLK edges to scan cell 610 as a function 
of the higher speed CLK. Scanlatch 614 restores test patterns 
to output latch 616 using the faster CLK. 
As for scan cell 280 of FIG. 3, controller 250 controls scan 

cell 610 to perform a desired number of warm-up and restore 
cycles to mitigate the power Supply droop that would other 
wise occur during a rapid transition between scan and test 
modes. At the end of the desired number of cycles, controller 
250 controls scan cell 610 to capture reliable test response 
data and scan the test response data out of the scan chain. 

FIG. 7 illustrates a timing diagram 700 useful in under 
standing the operation of scan cell 610 of FIG. 6. The hori 
Zontal axis represents time in nS, and the vertical axis repre 
sents the amplitude of various signals in Volts. Timing 
diagram 700 illustrates six waveforms of interest, including a 
CLK waveform 705, an SC1 waveform 710, an SC2 CLK 
waveform 720, a CLK g waveform 730, an ENABLE g 
waveform 740, and an SC2 EN waveform 750. SC2 CLK 
waveform 720 includes pulses 722 and 724. Waveform 740 
includes pulses of interest 741, 742,743, 744, 745, and 746. 
CLK g waveform 730 includes two pulses of interest and 
SC2 EN waveform 750 includes two pulses of interest. 

In operation, before time t0, controller 250 operates scan 
cell 610 in a scan shift mode and provides non-overlapping 
SC1 (SC1 waveform 710) and SC2 CLK (SC2 CLK wave 
form 720) signals at a first, relatively low scan clock rate to 
shift a test pattern into the appropriate position in Scan chain 
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260. Between times to and t7, controller 250 performs a series 
of warmup and restores sequences. Between time tT and time 
t9, controller 250 performs a final launch and capture 
sequence. After time t7, controller 250 operates scan cells 610 
in a scan shift mode to shift captured test data out of the scan 
chain. In particular, between time t0 and time t1, controller 
250 performs an initial launch phase, followed by an initial 
capture phase in response to high pulse 741 on CLK g 
between time t1 and t2. Between time t2 and t3, during which 
SC2 EN is high, controller 250 performs an initial restore 
phase and the data is restored to the output of output latch 616 
on the next high pulse of SC2 CLK. Controller 250 repeats 
the sequence of warmup and restore phases enough times to 
warm up the functional circuits and to reduce the power 
Supply Voltage droop to a Sufficiently Small amount. After the 
desired number of times, controller 250 provides a final 
launch and capture phase (t7 to t9) to capture reliable test data 
into the scan chain, and a Subsequent scan out phase using 
repetitive pulses of pulses SC1 and SC2 CLK. 

Like scan cell 300, scan cell 610 captures reliable test data 
by warming up the functional circuits to reduce power Supply 
voltage droop. Scan latch 614 provides hold time buffering 
for SDI and adds only a small amount of area compared to 
known LSSD scan cells. 

FIG. 8 illustrates a flow diagram of a method 800 for 
scanning a test pattern into scan chain 260 according to some 
embodiments. Action box 810 includes Scanning a test pattern 
into scan chain 260. The flow proceeds to a set of action boxes 
820 which warm up scan chain 260. Set 820 is implemented 
by an action box 822 that includes launching the test pattern 
to a functional circuit, and action box 824 that includes cap 
turing preliminary test data into scan chain 260. The flow 
proceeds then to action box 830 that includes restoring the test 
pattern into scan chain 260. 
The flow then proceeds to decision box 840 that includes 

determining whether the warmup sequence has been executed 
the desired number of times. If the warmup sequence has not 
been executed the desired number of times, then the flow 
proceeds back to action box 822. If the warmup sequence has 
been executed the desired number of times, then the flow 
proceeds to action box 845 that includes launching the test 
pattern into the functional circuit, action box 850 that 
includes capturing test data into Scan chain 260, and action 
box 860 that includes scanning the test data to an output. 
When using a scan cell like scan cell 300 of FIG. 3, the 
method may further include an action box between action 
boxes 810 and 822, not shown in FIG. 8, that includes per 
forming an initial restore phase to move the test pattern into a 
desired position in the scan chain. 
The testing functions of scancells 280 and 610 respectively 

of FIGS. 3 and 6, and test circuit 240 for functional circuits 
210, 220, and 230 of FIG.2 may be implemented with various 
combinations of hardware and software, and the software 
component may be stored in a computer readable storage 
medium for execution by at least one processor. Moreover the 
method illustrated in FIG.8 may also be governed by instruc 
tions that are stored in a computer readable storage medium 
and that are executed by at least one processor. Each of the 
operations shown in FIG. 8 may correspond to instructions 
stored in a non-transitory computer memory or computer 
readable storage medium. In various embodiments, the non 
transitory computer readable storage medium includes a 
magnetic or optical disk storage device, Solid State storage 
devices such as Flash memory, or other non-volatile memory 
device or devices. The computer readable instructions stored 
on the non-transitory computer readable storage medium may 
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8 
be in source code, assembly language code, object code, or 
other instruction format that is interpreted and/or executable 
by one or more processors. 

Moreover, scan cells 280 and 610 of FIGS. 3 and 6 respec 
tively, and test circuit 240 for functional circuits 210, 220, and 
230 of FIG.2 may be described or represented by a computer 
accessible data structure in the form of a database or other 
data structure which can be read by a program and used, 
directly or indirectly, to fabricate integrated circuit 200. For 
example, this data structure may be a behavioral-level 
description or register-transfer level (RTL) description of the 
hardware functionality in a high level design language (HDL) 
such as Verilog or VHDL. The description may be read by a 
synthesis tool which may synthesize the description to pro 
duce a netlist comprising a list of gates from a synthesis 
library. The netlist comprises a set of gates which also repre 
sent the functionality of the hardware comprising integrated 
circuit 200. The netlist may then be placed and routed to 
produce a data set describing geometric shapes to be applied 
to masks. The masks may then be used in various semicon 
ductor fabrication steps to produce integrated circuit 200. 
Alternatively, the database on the computer accessible Stor 
age medium may be the netlist (with or without the synthesis 
library) or the data set, as desired, or Graphic Data System 
(GDS) II data. 
While particular embodiments have been described, vari 

ous modifications to these embodiments will be apparent to 
those skilled in the art. For example, functional circuits 210, 
220, and 230 can represent a variety of elements including a 
GPU, a CPU core, an APU, a memory sub-system, a system 
controller (a “north bridge' or a “south bridge'), complex 
peripheral functions, and so on, and sub-circuits of each of 
them. Also, in Some embodiments, functional circuits 210, 
220, and 230 could include a certain number of functional 
blocks, where a functional block could include a certain set of 
GPUs, CPU cores, APUs, memory sub-systems, system con 
trollers, complex peripheral functions, and so on. For 
example, in some embodiments, representative functional 
circuit 210 includes a CPU core, an APU, and a Universal 
Serial Bus (“USB) controller, and representative functional 
circuit 220 could include a memory Sub-system and a bus 
arbitration module. Also, the circuits of integrated circuit 200 
could be formed on multiple integrated circuits. 
The illustrated embodiments show restore latch 310 and 

scan latch 614 being implemented within scan cells 280 and 
610, respectively. In some embodiments, restore latch 310 
and scan latch 614 could be implemented anywhere along 
scan chain 260, and could be considered to be between scan 
cells 280. 

While test circuit 240 improves the integrity of the test by 
implementing scan warmup to reduce the power Supply 
droop, it can be used in conjunction with other techniques to 
reduce the droop. For example, test circuit 240 can be used on 
an integrated circuit that also uses on-die droop inducers 
(ODDI). ODDI are essentially transistors between the power 
Supply terminals that are made conductive to simulate the 
current flowing through the power Supply rails when the 
circuit is operating at speed. 

Accordingly, it is intended by the appended claims to cover 
all modifications of the disclosed embodiments that fall 
within the scope of the disclosed embodiments. 
What is claimed is: 
1. A test circuit for a functional circuit comprising: 
a scan chain coupled to the functional circuit; and 
a controller coupled to said scan chain, for controlling said 

Scan chain to scana test pattern into said scan chain, and 
subsequently and repetitively for a plurality of times 
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launch said test pattern to the functional circuit, capture 
test data into said scan chain, and restore said test pattern 
in said scan chain for Subsequent launch without scan 
ning said test pattern into said scan chain. 

2. The test circuit of claim 1, wherein said scan chain 
comprises a plurality of scan cells, each of said plurality of 
scan cells comprising: 

a restore latch having an input for receiving a scan data 
input signal, a control input for receiving a warmup 
enable signal, and an output; 

a multiplexer having a first input coupled to said output of 
said restore latch, a second input for receiving a data 
signal, a control input for receiving a scan shift enable 
signal, and an output; and 

a scan latch having a data input coupled to said output of 
said multiplexer, a control input for receiving a clock 
signal, and an output coupled to the functional circuit. 

3. The test circuit of claim 2, wherein said restore latch is 
characterized as being level sensitive. 

4. The test circuit of claim 2, wherein said scan latch is 
characterized as being edge sensitive. 

5. The test circuit of claim 1, wherein said scan chain 
comprises a plurality of scan cells, each of said plurality of 
scan cells comprises: 

a data latch having an input for receiving a data input 
signal, a control input for receiving a gated clock signal, 
and an output; 

a Scanlatch having an input for receiving a scan data input 
signal, a control input for receiving a first scan clock 
signal, and an output; and 

an output latch having a first data input coupled to said 
output of said data latch, a second data input coupled to 
said output of said scan latch, a first control input for 
receiving said gated clock signal, a second control input 
for receiving a second scan clock signal, and an output 
coupled to the functional circuit. 

6. The test circuit of claim 5, wherein said data latch, said 
scan latch, and said output latch are each characterized as 
being level sensitive. 

7. The test circuit of claim 1, wherein: 
said controller, after said plurality of times, controls said 

Scan chain to Scan said test data to an output thereof. 
8. The test circuit of claim 1, wherein: 
said plurality of times corresponds to a time interval during 
which a power Supply Voltage initially deviates from a 
nominal value and Subsequently returns to approxi 
mately the nominal value. 

9. A test circuit for a functional circuit comprising: 
a scan chain coupled to the functional circuit and compris 

ing a plurality of scan cells coupled in a chain, each 
including a restore latch and a scan latch; and 

a controller coupled to said scan chain, for controlling said 
Scan chain to Scan a test pattern into said restore latches, 
and Subsequently and repetitively for a plurality of times 
launch said test pattern from said scan latches to the 
functional circuit, capture test data from the functional 
circuit into said Scanlatches, and restore said test pattern 
from said scan latches to an input of said scan latches. 

10. The test circuit of claim 9, wherein said restore latch is 
characterized as being level sensitive. 

11. The test circuit of claim 9, wherein said scan latch is 
characterized as being edge sensitive. 

12. The test circuit of claim 9, wherein for each of said 
plurality of Scan cells: 

said restore latch has an input for receiving a scan data 
input signal, a control input for receiving a warmup 
enable signal, and an output; 
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said Scanlatch has a data input, a control input for receiving 

a clock signal, and an output coupled to the functional 
circuit; and 

each of said plurality of scan cells further comprises a 
multiplexerhaving a first input coupled to said output of 
said restore latch, a second input for receiving a data 
signal, a control input for receiving a scan shift enable 
signal, and an output coupled to said data input of said 
Scanlatch. 

13. The test circuit of claim 9, wherein: 
said controller after said plurality of times, controls said 

Scan chain to scan said test data to an output thereof. 
14. The test circuit of claim 9, wherein: 
said plurality of times corresponds a time interval during 
which a power Supply Voltage initially deviates from a 
nominal value and Subsequently returns to approxi 
mately the nominal value. 

15. A method comprising: 
scanning a test pattern into a scan chain; 
Subsequently and repetitively for a plurality of times and 

without Scanning said test pattern into said scan chain: 
warming up a functional circuit; and 
restoring said test pattern to into said scan chain; 

capturing test data from said functional circuit into said 
Scan chain; and 

scanning said test data out of said scan chain. 
16. The method of claim 15 wherein said scanning said test 

pattern into said scan chain comprises: 
performing an initial restore phase to move said test pattern 

into a desired position in said scan chain. 
17. The method of claim 15 wherein said scanning said test 

pattern into said scan chain comprises: 
scanning said test pattern into a plurality of scan cells of 

said scan chain. 
18. The method of claim 17 wherein said scanning said test 

pattern into said scan chain further comprises: 
scanning said test pattern into a plurality of Scan latches 

through a corresponding plurality of restore latches. 
19. The method of claim 18 wherein said scanning said test 

pattern into said plurality of Scanlatches through said corre 
sponding plurality of restore latches further comprises: 

scanning said test pattern into said plurality of Scanlatches 
through a corresponding plurality of level-sensitive 
restore latches. 

20. The method of claim 15 wherein said restoring com 
prises: 

activating a clock signal to a clock input of an edge sensi 
tive scan latch for each of a plurality of scan cells of said 
Scan chain. 

21. The method of claim 15 wherein: 
said Scanning said test pattern into said scan chain com 

prises scanning said test pattern into a plurality of Scan 
cells of said scan chain at a first rate; and 

said warming up said scan chain comprises warming up 
said scan chain at a second rate higher than said first rate. 

22. The method of claim 21 wherein: 
said Scanning said test data out of said scan chain com 

prises Scanning said test data out of said scan chain at 
said first rate. 

23. The method of claim 15 wherein said warming up said 
functional circuit comprises: 

launching said test pattern to said functional circuit; and 
capturing preliminary test data into said scan chain. 
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